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FIG. 3A
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1
FINFET DEVICE AND METHOD OF
FABRICATING SAME

This patent is a Continuation-in-Part to U.S. Ser. No.
13/740,373 filed Jan. 14, 2013, and entitled “Semiconductor
Device And Fabricating The Same” which is hereby incorpo-
rated by reference. This patent claims the benefit of U.S. Ser.
No. 61/799,468 filed Mar. 15, 2013, which is hereby incor-
porated by reference.

BACKGROUND

The semiconductor integrated circuit (IC) industry has
experienced exponential growth. Technological advances in
IC materials and design have produced generations of ICs
where each generation has smaller and more complex circuits
than the previous generation. In the course of IC evolution,
functional density (i.e., the number of interconnected devices
per chip area) has generally increased while geometry size
(i.e., the smallest component (or line) that can be created
using a fabrication process) has decreased. This scaling down
process generally provides benefits by increasing production
efficiency and lowering associated costs.

Such scaling down has also increased the complexity of
processing and manufacturing ICs and, for these advances to
berealized, similar developments in IC processing and manu-
facturing are needed. For example, a three dimensional tran-
sistor, such as a fin-like field-effect transistor (FinFET), has
been introduced to replace a planar transistor. Although exist-
ing FinFET devices and methods of fabricating FinFET
devices have been generally adequate for their intended pur-
poses, they have not been entirely satisfactory in all respects.
Improvements in this area are desired.

BRIEF DESCRIPTION OF THE DRAWINGS

The present disclosure is best understood from the follow-
ing detailed description when read with the accompanying
figures. It is emphasized that, in accordance with the standard
practice in the industry, various features are not drawn to scale
and are used for illustration purposes only. In fact, the dimen-
sions of the various features may be arbitrarily increased or
reduced for clarity of discussion.

FIG. 1 is a flow chart of an example method for fabricating
a FinFET device according to various aspects of the present
disclosure.

FIG. 2A is a diagrammatic perspective view of a FinFET
device undergoing processes according to an embodiment of
the present disclosure.

FIG. 2B is a cross-sectional view of an example FinFET
device along line A-A in FIG. 2A at fabrication stages con-
structed according to the method of FIG. 1.

FIG. 3A is a diagrammatic perspective view of a FinFET
device undergoing processes according to an embodiment of
the present disclosure.

FIG. 3B is a cross-sectional view of an example FinFET
device along line A-A in FIG. 3A at fabrication stages con-
structed according to the method of FIG. 1.

FIGS. 4 to 6 are cross-sectional views of an example Fin-
FET device along line A-A in FIG. 2A at fabrication stages
constructed according to the method of FIG. 1

FIG. 7 is a diagrammatic perspective view of a FinFET
device undergoing processes according to an embodiment of
the present disclosure.

FIGS. 8, 10, 11, 12 and 13 are cross-sectional views of an
example FinFET device along line B-B in FIG. 7 at fabrica-
tion stages constructed according to the method of FIG. 1.
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FIG. 9 is a cross-sectional view of an example FinFET
device along line C-C in FIG. 7 at fabrication stages con-
structed according to the method of FIG. 1.

DETAILED DESCRIPTION

The following disclosure provides many different embodi-
ments, or examples, for implementing different features of
the invention. Specific examples of components and arrange-
ments are described below to simplify the present disclosure.
These are, of course, merely examples and are not intended to
be limiting. For example, the formation of a first feature over
or on a second feature in the description that follows may
include embodiments in which the first and second features
are formed in direct contact, and may also include embodi-
ments in which additional features may be formed between
the first and second features, such that the first and second
features may not be in direct contact.

U.S. Ser. No. 13/740,373, filed Jan. 14, 2013, is hereby
incorporated by reference.

The present disclosure is directed to, but not otherwise
limited to, a FinFET device. The FinFET device, for example,
may be a complementary metal-oxide-semiconductor
(CMOS) device comprising a P-type metal-oxide-semicon-
ductor (PMOS) FinFET device and an N-type metal-oxide-
semiconductor (NMOS) FinFET device. The following dis-
closure will continue with a FinFET example to illustrate
various embodiments of the present invention. It is under-
stood, however, that the application should not be limited to a
particular type of device, except as specifically claimed.

FIG. 1 is a flowchart of a method 100 for fabricating a
FinFET device according to aspects of the present disclosure.
It is understood that additional steps can be provided before,
during, and after the method, and some of the steps described
can be replaced or eliminated for other embodiments of the
method. The disclosure also discusses several different
embodiments of a FinFET device 200, as shown in FIGS.
2A-13, manufactured according to the method 100. The
present disclosure repeats reference numerals and/or letters in
the various embodiments. This repetition is for the purpose of
simplicity and clarity and does not in itself dictate a relation-
ship between the various embodiments and/or configurations
discussed.

FIG. 2A is a diagrammatic perspective view of a first
embodiment of a FinFET device 200 undergoing processes
according to the method of FIG. 1. FIGS. 2B and 4-6 are
cross-sectional views of an example of the FinFET device 200
along line A-A in FIG. 2A.

FIG. 3A is a diagrammatic perspective view of another
embodiment of a FinFET device 200 undergoing processes
according to the method of FIG. 1. FIG. 3B is a cross-sec-
tional view of an example FinFET device 200 along line A-A
in FIG. 3A.

FIG. 7 is a diagrammatic perspective view of another
embodiment of a FinFET device 200 undergoing processes
according to an embodiment according to the method of FIG.
1. FIGS. 8 and 10-13 are cross-sectional views of the FinFET
device 200 of FIG. 7 along line B-B; and FIG. 9 is a cross-
sectional view of the FinFET device along line C-C. The line
B-B is parallel to the line C-C.

Referring to FIGS. 1 and 2A-2B, the method 100 begins at
step 102 by providing a substrate 210. In the present embodi-
ment, the substrate 210 is a bulk silicon substrate. Alterna-
tively, the substrate 210 may include an elementary semicon-
ductor, such as silicon or germanium in a crystalline structure;
a compound semiconductor, such as silicon germanium, sili-
con carbide, gallium arsenic, gallium phosphide, indium
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phosphide, indium arsenide, and/or indium antimonide; or
combinations thereof. Possible substrates 210 also include a
silicon-on-insulator (SOI) substrate. SOI substrates are fab-
ricated using separation by implantation of oxygen (SIMOX),
watfer bonding, and/or other suitable methods.

Some exemplary substrates 210 also include an insulator
layer. The insulator layer comprises any suitable material,
including silicon oxide, sapphire, and/or combinations
thereof. An exemplary insulator layer may be a buried oxide
layer (BOX). The insulator is formed by any suitable process,
such as implantation (e.g., SIMOX), oxidation, deposition,
and/or other suitable process. In some exemplary FinFET
precursors, the insulator layer is a component (e.g., layer) of
a silicon-on-insulator substrate.

The substrate 210 may include various doped regions
depending on design requirements as known in the art. The
doped regions may be doped with p-type dopants, such as
boron or BF2; n-type dopants, such as phosphorus or arsenic;
or combinations thereof. The doped regions may be formed
directly on the substrate 210, in a P-well structure, in an
N-well structure, in a dual-well structure, or using a raised
structure. The substrate 210 may further include various
active regions, such as regions configured for an N-type
metal-oxide-semiconductor transistor device and regions
configured for a P-type metal-oxide-semiconductor transistor
device.

A first fin 220 is formed over the substrate 210. In some
embodiments, the substrate 210 includes more than one first
fin 220. The first fin 220 is formed by any suitable process
including various deposition, photolithography, and/or etch-
ing processes. As an example, the first fin 220 is formed by
patterning and etching a portion of the silicon substrate 210,
referred to as first trenches 215. In another example, the first
fin 220 is formed by patterning and etching a silicon layer
deposited overlying an insulator layer (for example, an upper
silicon layer of a silicon-insulator-silicon stack of an SOI
substrate. Additionally, a first hard mask layer 212 is depos-
ited over the substrate 210 prior to patterning and etching
processes. The first hard mask layer 212 includes silicon
oxide, silicon nitride, silicon oxynitride, or any other suitable
dielectric material. The first hard mask layer 212 may be a
single layer or multiple layers. The first hard mask layer 212
can be formed by thermal oxidation, chemical oxidation,
atomic layer deposition (ALD), or any other appropriate
method. It is understood that multiple parallel first fins 220
may be formed in a similar manner.

Various isolation regions 230 are formed in or on the sub-
strate 210. The isolation regions 230 may be formed using
traditional isolation technology, such as shallow trench iso-
lation (STI), to define and electrically isolate the various
regions. As one example, the formation of an STI includes a
photolithography process, etching a second trench 225 in the
substrate 210, filling the second trench 225 (for example, by
using a chemical vapor deposition process) with one or more
dielectric layers 235. The dielectric material includes silicon
oxide, silicon nitride, silicon oxynitride, or other suitable
materials, or combinations thereof. In the present embodi-
ment, second trenches 225 are substantially deeper and wider
than first trenches 215. Between two second trenches, there is
one or more first trenches 215. The first trenches 215 are filled
with the dielectric layer 235 as the same time of filling the
second trenches 225. In some examples, the filled trenches,
215 and 225, may have a multi-layer structure such as a
thermal oxide liner layer filled with silicon nitride or silicon
oxide.
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Referring to FIGS. 3A and 3B, in another embodiment, the
isolation regions 230 are formed by filling in the first trench
215 with the dielectric layer 235.

Additionally, a chemical mechanical polishing (CMP) pro-
cess is performed to remove excessive dielectric layer 235
and planarize the top surface of the isolation regions 230 with
the top surface of the first fin 220. Additionally, the CMP
process removes the first hard mask 212 as well.

Referring to FIGS. 1 and 4, the method 100 proceeds to
step 104 by recessing the first fins 220 to form third trenches
310. The recessing process may include dry etching process,
wet etching process, and/or combination thereof. The recess-
ing process may also include a selective wet etch or a selective
dry etch. A wet etching solution includes a tetramethylam-
monium hydroxide (TMAH), a HF/HNO3/CH3COOH solu-
tion, or other suitable solution. The dry and wet etching
processes have etching parameters that can be tuned, such as
etchants used, etching temperature, etching solution concen-
tration, etching pressure, source power, RF bias voltage, RF
bias power, etchant flow rate, and other suitable parameters.
For example, a wet etching solution may include NH,OH,
KOH (potassium hydroxide), HF (hydrofluoric acid), TMAH
(tetramethylammonium hydroxide), other suitable wet etch-
ing solutions, or combinations thereof. Dry etching processes
include a biased plasma etching process that uses a chlorine-
based chemistry. Other dry etchant gasses include CF,, NF;,
SF,, and He. Dry etching may also be performed anisotropi-
cally using such mechanisms as DRIE (deep reactive-ion
etching).

Referring to FIGS. 1 and 5, the method 100 proceeds to
step 106 by depositing a first semiconductor material layer
410 to partially fill in the third trenches 310 and a second
semiconductor material layer 420 over top of the first semi-
conductor material 410. The first and second semiconductor
material layers, 410 and 420, may be deposited by epitaxial
growing processes. The epitaxial processes include chemical
vapor deposition (CVD) deposition techniques (e.g., vapor-
phase epitaxy (VPE) and/or ultra-high vacuum CVD (UHV-
CVD)), molecular beam epitaxy, and/or other suitable pro-
cesses. The first and second semiconductor material layers,
410 and 420, may include germanium (Ge), silicon (Si),
gallium arsenide (GaAs), aluminum gallium arsenide (Al-
GaAs), silicon germanium (SiGe), gallium arsenide phos-
phide (GaAsP), or other suitable materials. In one embodi-
ment, the first semiconductor material layer 410 is SiGe and
the second semiconductor material layer 420 is Si. Addition-
ally, a CMP process may be performed to remove excessive
semiconductor material layers, 410 and 420, and planarize
top surfaces of the semiconductor material layer 420 and the
isolation region 230.

Referring to FIGS. 1 and 6, the method 100 proceeds to
step 108 by recessing the dielectric layer 235 around the
second and first semiconductor material layers, 420 and 410,
to laterally expose the second semiconductor material layer
420 and an upper portion of the first semiconductor material
layer 410, thereby form second fins 510. In the present
embodiment, the second fin 510 is formed as a stack oflayers,
420, 410 and 210 (in an order from top to bottom). The
recessing process may include dry etching process, wet etch-
ing process, and/or combination thereof.

Referring to FIG. 7, in present embodiment, a portion of
the second fin 510 is defined as source/drain regions 530
while another portion is defined as a gate region 540. The
source/drain regions 530 are separated by the gate region 540.

Referring to FIGS. 1 and 8, the method 100 proceeds to
step 110 by forming a gate stack 610 and sidewall spacers 620
along the gate stack 610 in the gate region 540, including
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wrapping over a portion of the second fins 510. In a gate first
process, the gate stack 610 may be all or part of a functional
gate. Conversely, in a gate last process, the gate stack 610 may
be a dummy gate. In the present embodiment, the gate stack
610 is a dummy gate. The dummy gate stacks 610 are to be
replaced later by a high-k (HK) and metal gate (MG) after
high thermal temperature processes are performed, such as
thermal processes during sources/drains formation. The
dummy gate stack 610 is formed over the substrate 210
including wrapping over a portion of the second fins 510. The
dummy gate stack 610 may include a dielectric layer 612, a
polysilicon layer 614 and a second hard mask 616. The
dummy gate stack 610 is formed by any suitable process or
processes. For example, the gate stack 610 can be formed by
a procedure including depositing, photolithography pattern-
ing, and etching processes. The deposition processes include
CVD, physical vapor deposition (PVD), ALD, other suitable
methods, and/or combinations thereof. The photolithography
patterning processes include photoresist coating (e.g., spin-
on coating), soft baking, mask aligning, exposure, post-ex-
posure baking, developing the photoresist, rinsing, drying
(e.g., hard baking), other suitable processes, and/or combina-
tions thereof. The etching processes include dry etching, wet
etching, and/or other etching methods (e.g., reactive ion etch-
ing). The dielectric layer 612 includes silicon oxide, silicon
nitride, or any other suitable materials. The second hard mask
616 includes any suitable material, for example, silicon
nitride, silicon oxynitride and silicon carbide.

The sidewall spacers 620 may include a dielectric material
such as silicon oxide, silicon nitride, silicon carbide, silicon
oxynitride, or combinations thereof. The sidewall spacers 620
may include a multiple layers. Typical formation methods for
the sidewall spacers 620 include depositing a dielectric mate-
rial over the gate stack 610 and then anisotropically etching
back the dielectric material. The etching back process may
include a multiple-step etching to gain etch selectivity, flex-
ibility and desired overetch control.

Referring again to FIGS. 1 and 9, the method 100 proceeds
to step 112 by forming a source/drain feature 720 in the
source/drain regions 530. In one embodiment, individual sec-
ond fins 510 between two isolation regions 230 are removed,
as well as the dielectric layer 235 between each second fins
510, to form a common source/drain trench 710 over the
substrate 210. The recessing process may include dry etching
process, wet etching process, and/or combination thereof.
Therecessing process may also include a selective wet etch or
a selective dry etch. The recessing process may include mul-
tiple etching processes. In another embodiment, instead of
forming a common source/drain trench 710, the source/drain
trench 710 is formed in an individual type between two iso-
lation regions 230, referred to as an individual source/drain
trench 710. The individual source/drain trench 710 is formed
by recessing a portion of second fins 510 between two isola-
tion regions 230.

A third semiconductor material epitaxially grows in the
source/drain trench 710 to form the source/drain feature 720.
The third semiconductor material includes Ge, Si, GaAs,
AlGaAs, SiGe, GaAsP, or other suitable material. The com-
mon source/drain feature 720 may be formed by one or more
epitaxy or epitaxial (epi) processes. The source/drain features
720 may be in-situ doped during the epi process. For example,
the epitaxially grown SiGe source/drain features 720 may be
doped with boron; and the epitaxially grown Si epi source/
drain features 720 may be doped with carbon to form Si:C
source/drain features, phosphorous to form Si:P source/drain
features, or both carbon and phosphorous to form SiCP
source/drain features. In one embodiment, the source/drain
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6

features 720 are not in-situ doped, an implantation process
(i.e., a junction implant process) is performed to dope the
source/drain features 720.

In one embodiment, a single source/drain feature 720 is
formed between two isolation regions 230 by epitaxially
growing the third semiconductor material in the common
source/drain trench 710. In another embodiment, a multiple
source/drain features 720 are formed between two isolation
regions 230 by epitaxially growing the third semiconductor
material in the individual source/drain trench 710.

Additionally, an interlayer dielectric (ILD) layer 730 is
formed between the dummy gate stacks 610 over the substrate
210. The ILD layer 730 includes silicon oxide, oxynitride or
other suitable materials. The ILD layer 730 includes a single
layer or multiple layers. The ILD layer 730 is formed by a
suitable technique, such as CVD, ALD and spin-on (SOG). A
chemical mechanical polishing (CMP) process may be per-
formed to remove excessive ILD layer 730 and planarize the
top surface of the ILD layer 730 with the top surface of the
dummy gate stacks 610.

Referring to FIGS. 1 and 10, the method 100 proceeds to
step 114 by removing the dummy gate stacks 610 to form a
gate trench 810 and recessing the dielectric layer 235 in the
gate trench 810 to laterally expose at least a portion of the first
semiconductor material layer 410 of the second fin 510. The
etching processes may include selective wet etch or selective
dry etch, such that having an adequate etch selectivity with
respect to the first and second semiconductor material layers,
410 and 420, and the sidewall spacer 620. Alternatively, the
dummy gate stack 610 and the dielectric layer 235 may be
recessed by a series of processes including photolithography
patterning and etching back. After the recess, the first semi-
conductor material layer 410 has a first width w,.

Referring to FIGS. 1 and 11, the method 100 proceeds to
step 116 by performing a thermal oxidation process to the
exposed first and second semiconductor material layers, 410
and 420 in the second fin 510 in the gate trench 810. In the one
embodiment, the thermal oxidation process is conducted in
oxygen ambient. In another embodiment, the thermal oxida-
tion process is conducted in a combination of steam ambient
and oxygen ambient. During the thermal oxidation process, a
portion of the exposed first semiconductor material layer 410
in the second fin 510 converts to a first semiconductor oxide
layer 815 with a second width w, and simultaneously at least
an outer layer of the exposed second semiconductor material
layer 420 converts to a second semiconductor oxide 820.

During the thermal oxidation process, the first semicon-
ductor material layer 410 obtains a volume expansion. In the
present embodiment, the first and second semiconductor
material layers, 410 and 420, and the thermal oxidation pro-
cess are configured that the first semiconductor material layer
410 obtains a volume expansion with a ratio of w, to w, being
larger than 1.6 to achieve a desired degree of channel strain,
such as 1 Gpa of tensile strain. As an example, the first
semiconductor material layer 410 is SiGex, having a thick-
ness in a range of 5 nm to 20 nm, where x, is a first Ge
composition in atomic percent of a range from 0.2 to 0.5.
While the second semiconductor material layer 420 is Si
having a thickness in a range of 20 nm to 40 nm. The thermal
oxidation process is conducted in a combination of steam
ambient and oxygen ambient with one atmospheric pressure
and a temperature in a range from 400° C. to 600° C. During
the thermal oxidation process, an outer portion of the SiGex,
layer 410 converts to a silicon germanium oxide (SiGeOy)
layer 815, where y is oxygen composition in atomic percent,
and obtains a volume expansion with a ratio of 1.8 of w, tow;.
A center portion of SiGex, layer 410 changes to a second Ge
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composition X,, which is much higher than x,. A size and
shape of the center portion of SiGex, vary with process con-
ditions, such as thermal oxidation temperature and time.
Simultaneously the outer layer of the Si layer 420 converts to
silicon oxide (SiOz) 820, where z is oxygen composition in
atomic percent. By volume expansion of the SiGeOy layer
815, a tensile strain may be induced to the second fin 510 in
the gate region 540, where a gate channel is to be formed.

Referring to FIGS. 1 and 12, the method 100 proceeds to
step 118 by removing the second semiconductor oxide layer
820 and a portion of an outer layer of the first semiconductor
oxide layer 815 to reveal a third fin 910 in the gate region 540.
The removing process includes a dry etch, a wet etch, or a
combination of. For example, a selective wet etch or a selec-
tive dry etch is performed with adequate etch selectivity with
respect to the first and second semiconductor material layers,
410 and 420. The third fin 910 is configured such that it has
the second semiconductor material layer 420 as an upper
portion, the first semiconductor oxide layer 815 as a middle
portion and the first semiconductor material layer 410 as a
lower portion.

Referring to FIGS. 1 and 13, the method 100 proceeds to
step 120 by forming a high-k (HK)/metal gate (MG) 920 over
the substrate 210, including wrapping over a portion of the
third fin 910 in the gate region 540, where the third fin 910
serve as gate channel regions. An interfacial layer (1) 922 is
deposited by any appropriate method, such as ALD, CVD and
ozone oxidation. The IL 922 includes oxide, HfSiO and
oxynitride. A HK dielectric layer 924 is deposited over the IL.
922 by suitable techniques, such as ALD, CVD, metal-or-
ganic CVD (MOCVD), PVD, thermal oxidation, combina-
tions thereof, or other suitable techniques. The HK dielectric
layer 924 may include LaO, AlO, ZrO, TiO, Ta205, Y203,
SrTiO3 (STO), BaTiO3 (BTO), BaZrO, HfZrO, HfLaO,
HfSiO, LaSiO, AlSiO, HfTaO, HfTiO, (Ba,Sr)TiO3 (BST),
Al203, Si3N4, oxynitrides (SiON), or other suitable materi-
als.

A metal gate (MG) layer 930 may include a single layer or
multi layers, such as metal layer, liner layer, wetting layer,
and adhesion layer. The MG layer 930 may include Ti, Ag, Al,
TiAIN, TaC, TaCN, TaSiN, Mn, Zr, TiN, TaN, Ru, Mo, Al,
WN, Cu, W, or any suitable materials. The MG layer 930 may
be formed by ALD, PVD, CVD, or other suitable process. The
MG layer 930 may be formed separately for the N-FET and
P-FFET with different metal layers. A CMP may be per-
formed to remove excessive MG layer 930. The CMP pro-
vides a substantially planar top surface for the metal gate
layer 930 and the ILD layer 730.

The FinFET device 200 may undergo further CMOS or
MOS technology processing to form various features and
regions known in the art. For example, subsequent processing
may form various contacts/vias/lines and multilayers inter-
connect features (e.g., metal layers and interlayer dielectrics)
over the substrate 210, configured to connect the various
features or structures of the FinFET device 200. For example,
a multilayer interconnection includes vertical interconnects,
such as conventional vias or contacts, and horizontal inter-
connects, such as metal lines. The various interconnection
features may implement various conductive materials includ-
ing copper, tungsten, and/or silicide. In one example, a dama-
scene and/or dual damascene process is used to form a copper
related multilayer interconnection structure.

Additional steps can be provided before, during, and after
the method 100, and some of the steps described can be
replaced or eliminated for other embodiments of the method.

Based on the above, the present disclosure offers a semi-
conductor device with a strain gate by using volume expan-
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sion technique and a single source/drain feature to server
multiple gates. The volume expansion technique induces suf-
ficient strain to the gate channel to improve device perfor-
mance and the single source/drain feature benefits source/
drain resistance reduction.

The present disclosure provides many different embodi-
ments of a semiconductor device. The semiconductor device
includes a substrate having isolation regions, a gate region,
source and drain (S/D) regions separated by the gate region, a
first fin structure in a gate region. The first fin structure
includes a first semiconductor material layer as a lower por-
tion of the first fin structure, a semiconductor oxide layer as an
outer portion of a middle portion of the first fin structure, the
first semiconductor material layer as a center portion of the
middle portion of the first fin structure and a second semicon-
ductor material layer as an upper portion of the first fin struc-
ture. The semiconductor device also includes a source/drain
feature over the substrate in the source/drain region between
adjacent isolation regions and a high-k (HK)/metal gate (MG)
stack over the substrate including wrapping over a portion of
the first fin structure in the gate region.

In another embodiment, a FinFET device includes a sub-
strate having isolation regions, a gate region, source and drain
regions separated by the gate region, a first fin structure in a
gate region. The first fin structure includes a silicon germa-
nium (SiGe, ) layer as a lower portion, where x is Ge compo-
sition in atomic percent, a silicon germanium oxide (SiGeO,)
layer as an outer portion of a middle portion, where y is
oxygen composition in atomic percent, a SiGe, layer as a
center portion of the middle portion, where z is Ge composi-
tion in atomic percent and a Si layer as an upper portion. The
FinFET device also includes a source/drain feature in the
source and drain regions and a high-k/metal gate (HK/MG)
over the substrate including wrapping over a portion of the
first fin structure in the gate region.

In yet another embodiment, a method for fabricating a
FinFET device includes providing a substrate providing a
substrate. The substrate includes first fins having a gate
region, source and drain regions separated by the gate region,
intra isolation regions between first fins and isolation regions
containing multiple intra isolation regions. The method also
includes recessing the first fins, epitaxially growing a first
semiconductor material layer over the recessed first fins, epi-
taxially growing a second semiconductor material over top of
the first semiconductor material layer, recessing the intra
isolation region to laterally expose an upper portion of the
second semiconductor material to form second fins, forming
a dummy gate stack over the substrate including wrapping
over a portion of the second fins in the gate region, removing
another portion of the second fins beside of the dummy gate
stack in source and drain region. epitaxially growing a third
semiconductor material over recessed second fins to form a
single source/drain feature between two adjacent isolation
regions, removing the dummy gate stack to form a gate
trench, recessing the intra isolation regions in the gate trench
to laterally exposed a portion of the first semiconductor mate-
rial in the second fins, applying a thermal oxidation process to
the first and second semiconductor material layers of the
second fin in the gate trench to convert an outer portion of the
exposed first semiconductor material to a first semiconductor
oxide and outer layer of the second semiconductor to a second
semiconductor oxide, removing the second semiconductor
oxide to reveal the second semiconductor material as the
upper portion of the second fin in the gate trench and forming
a high-k/metal gate (HK/MG) stack wrapping over a portion
of the second fin.
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The foregoing outlines features of several embodiments so
that those skilled in the art may better understand the aspects
of the present disclosure. Those skilled in the art should
appreciate that they may readily use the present disclosure as
a basis for designing or modifying other processes and struc-
tures for carrying out the same purposes and/or achieving the
same advantages of the embodiments introduced herein.
Those skilled in the art should also realize that such equiva-
lent constructions do not depart from the spirit and scope of
the present disclosure, and that they may make various
changes, substitutions, and alterations herein without depart-
ing from the spirit and scope of the present disclosure.

What is claimed is:

1. A semiconductor device comprising:

a substrate having a gate region and source and drain (S/D)

regions;

a first fin structure in the gate region, the first fin structure

including:

a first semiconductor material that is a portion of the
substrate;

a second semiconductor material disposed on the first
semiconductor material;

a third semiconductor material disposed on the second
semiconductor material; and

a semiconductor oxide disposed on an outer side surface
of the second semiconductor material; and

ahigh-k (HK)/metal gate (MG) stack in the gate region, the

HK/MG stack wrapping over a portion of the first fin

structure, wherein the HK/MG stack includes:

an interfacial layer disposed on the semiconductor oxide
and the third semiconductor material; and

a high-K dielectric layer over and contacting the inter-
facial layer, wherein the high-K dielectric layer physi-
cally contacts two opposing side surfaces of the inter-
facial layer and a top surface of the interfacial layer
there between; and

S/D features in the S/D region.

2. The semiconductor device of claim 1, wherein the sec-
ond semiconductor material includes epitaxially grown sili-
con germanium (SiGe, ), where x is Ge composition in atomic
percent.

3. The semiconductor device of claim 2, wherein in the gate
region, the SiGe, within a center portion of the second semi-
conductor material has a higher Ge composition x than the
SiGe, within a lower portion of the second semiconductor
material.

4. The semiconductor device of claim 3, wherein the Ge
composition x of the SiGe, within the center portion is in a
range of about 0.2 to about 0.5.

5. The semiconductor device of claim 2, wherein the SiGe,
has a thickness in a range of about 5 nm to about 40 nm.

6. The semiconductor device of claim 2, wherein the semi-
conductor oxide is SiGeO,, where y is oxygen composition in
atomic percent.

7. The semiconductor device of claim 6, wherein the
SiGeO, is formed by performing a thermal oxidation process
to the SiGe,.

8. The semiconductor device of claim 1, wherein the third
semiconductor material includes silicon (Si).

9. The semiconductor device of claim 8, wherein the Si has
a thickness in a range of about 20 nm to about 50 nm.

10. The semiconductor device of claim 1 further compris-
ing S/D features disposed in the S/D region, wherein the S/D
features include an expitaxially grown semiconductor mate-
rial.

10

11. The semiconductor device of claim 1, wherein between
two adjacent isolation regions, there is a single source feature,
a single drain feature, and multiple HK/MG stacks.

12. The semiconductor device of claim 11, wherein the

5 single S/D features serve as a common source/drain for the
multiple HK/MG stacks.
13. A semiconductor device comprising:
a substrate;
a fin structure disposed on the substrate, the fin structure
including:

aportion of the substrate containing a first semiconduc-
tor material;

a second semiconductor material disposed on the first
semiconductor material and that includes silicon ger-
manium (SiGe, ), where x is Ge composition in atomic
percent;

a dielectric disposed on a side surface of the second
semiconductor material and that includes silicon ger-
manium oxide (SiGeO,), where y is oxygen compo-
sition in atomic percent;

and

a third semiconductor material disposed on the second
semiconductor material and that includes Si;
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and

a high-k/metal gate (HK/MG) in the gate region, wrapping
over a portion of the first fin structure, wherein the
HK/MG includes:
an interfacial layer physically contacting the dielectric

and a top surface and two side surfaces of the third
semiconductor material; and
a high-K dielectric physically contacting a top surface and
two side surfaces of the interfacial layer.
14. The semiconductor device of claim 13, wherein the
SiGeO, is formed by performing a thermal oxidation process
to the SiGe,, with volume expansion.
15. An integrated circuit comprising:
a substrate including a first semiconductor material and
having a portion of the first semiconductor material that
extends outward;
a second semiconductor material disposed on the portion
of the first semiconductor material;
a dielectric disposed on opposing side surfaces of the sec-
ond semiconductor material;
a third semiconductor material disposed on the second
semiconductor material; and
a gate structure disposed on and overwrapping the second
semiconductor material, the dielectric, and the third
semiconductor material, wherein the gate structure
includes:
an interfacial layer that physically contacts two side
surfaces and a top surface of the third semiconductor
material; and

a high-k dielectric that physically contacts two side sur-
faces and a top surface of the interfacial layer.

16. The integrated circuit of claim 15, wherein the second
semiconductor includes SiGe and wherein an atomic concen-
tration of Ge varies throughout the second semiconductor.

17. The integrated circuit of claim 16, wherein the atomic
concentration of Ge in the second semiconductor increases
towards the third semiconductor material.

18. The integrated circuit of claim 15, wherein the interfa-
cial layer further extends continuously along an exterior side-
wall of the gate structure.
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